An ultra-high speed motor is important in machine tools. A speed sensor-less ultra-high speed motor driver is proposed in this paper. Due to cost, only few drivers build up a closed-loop control, which could improve driver's performance. Therefore, a sensor-less speed estimation for ultra-high speed motors is developed. The design and implementation of the driver and feedback circuits are detailed in this paper. And experimental results show that the proposed system is workable.
Introduction
Ultra-high speed motors are important in machine tools, and most motors are induction motor, IM, because of its high reliability and low cost. There are some studies discussed about driver method, such as variable voltage variable frequency, VVVF, and vector control; and some focused on control method including proportionalintegrated (PI) control, fuzzy control and neural network. Due to cost, only few drivers build up a closed-loop control, which could improve driver's performance. Therefore, a sensor-less speed estimation for ultra-high speed motors is developed. However, only few literatures discussed about ultra-high speed motors. [1] optimized the best driver efficiency based on the total harmonic distortion (THD) of motor current with auto-adjust driver voltage. In [2] , an ultrahigh speed soft switch inverter was developed to improve driver efficiency. Both proposed new driver methods. Conventional IM driver methods are open-loop scalar control, VVVF, due to easy implement. However, some papers tried to use closed-loop control.
[3] used fuzzy rules to determine the VVVF command and increased efficiency. [4] proposed a slip frequency compensation method to decrease the speed error. [5] discussed two vector control methods: field orientation control, FOC, and direct torque control, DTC. The torque responds of both controls are better than scalar control. Complex calculations are necessary in above controls, so they are not suitable for ultra-high speed motor. For speed estimation, [6] described two methods. Model Reference Adaptive System, MRAS, could be used wider speed range but too sensitive to motor parameters. Another method, Least Square Method, LSM, calculated speed by iteration, but only suitable for narrow speed range. In this paper, an easier speed estimation method is used: the motor slip speed is calculated with the motor model, and then motor speed is estimated by taking induction magnetic field speed to minus the slip angle.
Slip speed estimation
The calculation of slip speed is based on rotor flux field orientation control. It can simplify the motor model by referring to rotor flux filed. The derivation is described P -45 as (1) - (5) . The equation of calculating the slip, (4), can be derivate by substituting that flux on the q-axis is zero into (3). In (4), there is a variable flux on d-axis. It can be calculate by (5) using the current on d-axis. (6) . And the  is defined as (7). In Fig 1, (4) and (5) 
where r  ： rotor flux
Scalar control
Scalar control drives motor by suitable waveform. In Fig  2, the curve of speed to voltage for a 200Krpm motor is provided by the motor manufactory. To drive motor in 30Krpm, the inverter should provide a three-phase sinusoidal 57 volts and 500Hz wave. However, the real rotor speed is different to the driving speed due to slip speed. Therefore, a PI controller is used in the proposed system to compensate the speed error caused by slip speed. As shown in Fig 3, the input of controller is the speed error, and the output is the index of the VVVF table to set inverter.
Motor parameter measurement
The IM's electric parameters are a key in slip speed estimation. Three parameter measuring tests are used in this paper. First, DC test is used to measure the stator resistor. Second, stall test could measure the sum of stator and rotor resistor, and the sum of stator and rotor leakage inductance. Then the rotor resistor can be got, and the stator and rotor leakage inductances, and , are assumed equal. Third, no load test is adopted for the stator inductance, and then the mutual inductance could be derived. A virtual stall test is adopted, because a traditional stall test is not convenient due to extra stalling equivalent. Fig 4 is the wiring diagram of virtual stall test. 
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System architecture and hardware implementation
The control block diagram of system is shown in Fig 5 . Scalar control is used in the speed controller. A PI controller is adopted to create the speed command which is the index of the voltage-frequency curve. Here, lookup table and interpolation method is used to index the suitable voltage and frequency commands for the inverter. And, the feedback speed is calculated by speed of synchronization field and the slip speed computed from current and voltage. 
Experimental results
Two experiments are shown in this paper: step and ramp acceleration. Drilling function is performed when the motor achieves the rated speed, but no more speed control, due to the fast working moment. Controller is mainly used to accelerate. The experimental power supply is limited, so step range and ramp acceleration of motor is low than 1.5%, the same as 300Krpm motor is low than 3.5%.
Conclusion
As shown in experimental results, the motor with the proposed ultra-high speed motor driver can fast run stability. Though speed error is proportional to speed command, speed estimator can effectively estimate motor speed and react load fluctuation, and speed error rate is low than 1.5%. Closed-loop controller actually improves system responding time by low cost feedback circuit. The controller proposed in this paper is also suitable for different motors.
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